Ahsrrucf -In this paper, closed-form expressions are developed for the small-signal parameters of broad-band GaAs control MESFET's. The theoretical conducting-state resistance and nonconducting-state capacitance are compared with experimental data and demonstrate the usefulness of the models. Additionally, we considered the power handling capability of these devices and describe the various limitations in both conducting and nonconducting states. Our models show that self-aligned gate devices (SAGFET's) have a broad-band cutoff-frequency figure of merit as much as twice that of conventional MESFET's, although the voltage handling capability of the SACFET is considerably inferior.
NOMENCLATURE
Thickness of the channel below the gate metal. Depletion region thickness due to the freesurface potential. Depletion region thickness due to the metal-semiconductor junction. Nonconducting-state total equivalent capacitance. Intrinsic capacitance in the conducting state between gate and channel. Intrinsic capacitance in the nonconducting state between gate and source. Intrinsic capacitance in the nonconducting state between gate and drain. Intrinsic source-to-drain capacitance (used for se1 f-aligned-gate devices). Extrinsic capacitance in either state between gate and source. Extrinsic capacitance in either state between gate and drain. Extrinsic capacitance in the nonconducting state between drain and source, through the GaAs and through air respectively. Equivalent gate-to-source and gate-to-drain capacitance respectively. Complete elliptic integral of the first kind. Broad-band cutoff frequency figure of merit. Distance between gate metal and drain metal.
Distance between gate metal and source metal. Distance between source metal and drain metal. Gate length. For structure B the distance between the drain deep n + contact and the edge of the recess depth; for structures A and D the distance between drain n + deep contact and the metal gate; and for structure C the distance between drain metal and the edge of the recess. For structure B the distance between source deep n + contact and edge of the recess depth; for structures A and D the distance between source n + deep contact and metal gate; for structure C the distance between source metal and edge of the recess. Adjusted gate-length L, to include recess extensions; same as L, for structures A and D. Length of source and drain metallizations respectively (assumed to be equal). Adjusted length of source and drain metallization respectively (see Fig. 2 ). Electron charge (positive). Total conducting-state resistance. Contact resistance for metal-to-n+ interface. Contact resistance due to metal-to-n+ interface and n + deep contact layer. Resistance in series with the gate. Recess depth. Conducting-state nonchannel resistance. Parasitic resistance with n + surface layer (see the Appendix). Conducting-state channel resistance. Resistance between the drain contact and the channel. Resistance between the source contact and the channel. Depletion region thickness in the heavily doped surface layer due to the surface potential. as the key equivalent circuit elements used in characterizing broad-band MESFET switches [l] , [2]. Based on R , and C,,,. the broad-band cutoff frequency figure of merit can be defined as In this paper the design considerations for GaAs control MESFET's (particularly for broad-band applications) are evaluated, and future performance capabilities are examined. The paper is organized as presented below.
In Section 11, equivalent circuit parameters for the two states of the MESFET control device are developed for the four different device structures shown in Fig. 1 . Device structure A is a planar device, B is a gate recessed structure, C is a gate recessed structure with a surface n + layer and D is a self-aligned-gate FET (SAGFET). In Section I11 the power handling capability of MESFET control devices is described. In Section IV a variety of previously reported discrete device characteristics are compared to the modeled parameters. In addition, a dual 2-throw component is evaluated under both low and high power conditions. In Section V, the various device structures are compared.
MODELING OF EQUIVALENT CIRCUIT PARAMETERS
In this section the resistances and capacitances are modeled from first principles in such a manner that closed-form analytical equations can be derived. Since our focus is mainly on the effect of the geometrical shape of the MESFET on the values of the equivalent circuit elements, we assume uniform doping profiles throughout.
A . Resistance Modeling
For control applications, the conducting-state resistance of the MESFET device can be subdivided into the channel resistance, R c h , and the parasitic resistance, R,. The channel resistance must be small in the conducting state, while in the nonconducting state the channel is fully depleted so that the channel resistance is very large and relatively unimportant (capacitive impedances dominate in the nonconducting state).
The parasitic resistance is the combination of the metalto-semiconductor contact resistance and the resistance of the semiconductor between the contacts and the channel. With recessed gate technology and practical device dimensions, the contact resistance R is usually negligible. Thus, we initially neglect any contact resistance and reintroduce this contribution later in considering short gate SAGFET's where the contact resistance becomes important.
The conducting-state resistance of structure A is relatively simple to calculate. Including the surface depletion due to the free-surface pinning voltage and the gate-metal
